Synthesis and Biological Activity of Benzo 5-Membered-Heterocyclic Substituted Oxime Ether Strobilurin Compounds by 谢亚强
 
 
学校编码：10384                              分类号      密级         







硕  士  学  位  论  文 
 
苯并五元杂环取代肟醚类Strobilurin     
化合物的合成及其生物活性研究 
Synthesis and Biological Activity of Benzo 
5-Membered-Heterocyclic Substituted Oxime Ether 
Strobilurin Compounds 
 
谢 亚 强 
 
指导教师姓名：吐  松  副教授 
专  业 名 称：化  学  工  程 
论文提交日期：2014 年  5  月 
论文答辩时间：2014 年  5  月 
学位授予日期：2014 年     月 
 
答辩委员会主席：           
评    阅    人：           
 






















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的





































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 























































































The aryl-substituted unsaturated oxime ether fungicide Enoxastrobin, which was 
the first domestic high efficiency, broad-spectrum and low toxicity strobilurin 
fungicide, was developed by the Shenyang Institute of Chemical Industry in 1997 and 
was appeared on the domestic market in 2002. In order to modify the side chain of 
oxime ether strobilurin fungicide, benzo five-membered heterocyclic structure was 
used to stabilize the E-styryl group in Enoxastrobin based on the principle of 
bioisosterism. Benzofuran substituted, benzothiophene substituted and indole 
substituted oxime ether strobilurin compounds were synthesized and characterized by 
NMR, MS and HRMS in this thesis. The structure–activity relationship of these three 
series target compounds was also studied. 
(1) 2-Hydroxybenzaldehyde derivatives as the starting materials, were reacted 
with 1-chloropropan-2-one to afford 1-(benzofran-2-yl)ethanone derivatives, 
respectively. Then, the target benzofran substituted oxime ether strobilurin 
compounds were afforded through a series of stepwise reactions using 
1-(benzofran-2-yl)ethanone derivatives as intermediates. 
(2) 2-Chlorobenzaldehyde derivatives as the starting materials, were reacted with 
ethanethiol to afford 2-(ethylthi)-benzaldehyde derivatives, respectively. Then, the 
target benzothiophene substituted oxime ether strobilurin compounds were afforded 
through a series of stepwise reactions using 2-(ethylthi)benzaldehyde derivatives as 
intermediates. 
(3) 2-Bromobenzaldehyde derivatives as the starting materials, were reacted with 
sodium azide to afford 2-aminobenzaldehyde derivatives, respectively. Then, the 
target indole substituted oxime ether strobilurin compounds were afforded through a 
series of stepwise reactions using 2-aminobenzaldehyde derivatives as intermediates. 
(4) The biological assay result indicated that these three series oxime ether 















tested fungi. Benzofuran substituted oxime ether strobilurin compounds exhibited 
effective fungicidal activity against RB, GM, WPM, CA and CR. Especially, all the 
synthesized benzofuran substituted methyl 3-methoxypropenoate oxime ethers 
showed substantial fungicidal activities against WPM, CA and CR. Benzothiophene 
substituted oxime ether strobilurin compounds owned effective fungicidal activity 
against RB, GM, WPM, CA and CR. Part of benzothiophene substituted oxime ether 
strobilurin compounds showed more potent fungicidal activity against CA and CR 
comparing with Enoxastrobin. Indole substituted oxime ether strobilurin compounds 
also possessed effective fungicidal activity against RB, GM, WPM, CA and CR. 
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第一章  绪论 
1 





































苯并五元杂环取代肟醚类 Strobilurin 化合物的合成及其生物活性研究 
2 
表1.1  2001 ~ 2010年世界农药市场（亿美元） 
Table 1.1  The world's pesticide market of 2001 ~ 2010 (billions of dollars) 
年份 作物保护 同比（%） 非作物保护 同比（%） 合计 同比（%） 
2001 257.60  41.30  298.90  
2002 251.50 -2.37 42.70 +3.39 294.20 -1.57 
2003 267.10 +6.20 44.45 +4.10 311.55 +5.90 
2004 307.25 +15.0 46.75 +5.17 354.00 +13.6 
2005 311.90 +1.51 49.05 +4.92 360.95 +1.96 
2006 304.25 -2.45 51.50 +4.99 355.75 -1.44 
2007 333.90 +9.75 53.65 +4.17 387.55 +8.94 
2008 404.75 +21.2 56.55 +5.41 461.30 +19.0 
2009 378.60 -6.46 58.60 +3.63 437.20 -5.22 
2010 383.00 +1.16 60.55 +3.33 443.55 +1.45 
 
表1.2  2008 ~ 2009年世界排名前十位的农药类别的销售额（亿美元） 
Table 1.2  The sales of the world's top ten pesticide category of 2008 ~ 2009 
(billions of dollars) 
排名 类别 2008年 2009年 增长率/% 
1 除草剂 氨基酸类 69.48 54.05 -22.2 
2 杀菌剂 甲氧基甲酸甲酯类 24.92 26.28 5.5 
3 杀虫剂 新烟碱类 24.15 24.08 -0.3 
4 杀虫剂 有机磷类 23.16 23.39 1.0 
5 杀菌剂 SBI-三唑类 25.01 23.20 -7.2 
6 除草剂 ALS-磺酰脲类 22.44 20.85 -7.1 
7 杀虫剂 拟除虫菊酯类 20.33 20.78 2.2 
8 除草剂 酰胺类 15.88 15.71 -1.1 
9 杀虫剂 氨基甲酸酯 12.34 11.41 -7.5 
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